The production and regulation of interleukin (IL) 
Granuloma formation and fibrosis are the major causes of morbidity and mortality in association with schistosomiasis. Although granuloma formation is beneficial for the host because it blocks the hepatotoxic effects of antigen released from parasite eggs, this process may lead to fibrosis with excessive accumulation of collagen and other extracellular matrix proteins in the periportal space (Henri et al. 2002) . Most infected people living in highly endemic areas are able to control schistosomiasis infection and only have a few pathological manifestations. Unfortunately, a small percentage of infected people develop fibrosis that is associated with granuloma formation, which can lead to portal hypertension. This can result in the formation of esophageal varices, digestive bleeding and sometimes death (Henri et al. 2002) . In humans, it is still not clear which cytokines are involved in the pathology of schistosomiasis mansoni.
In the murine model of schistosomiais, type 1 cytokines such as interferon-γ (IFN-γ) and activated macrophages have been correlated with immunity. On the other hand, type 2-associated cytokines such as interleukin (IL), IL-4, IL-13 and IL-10 inhibit classical macrophage activation and have been implicated in granuloma formation and fibrogenesis around tissue-deposited eggs (Wynn & Cheever 1995 , Hesse et al. 2001 , Morais et al. 2002 . Most importantly, it has been observed that IL-13, but not IL-4, is the major type 2 cytokine driving type I and III collagen mRNA production and hepatic fibrosis in infected mice (Wynn et al. 1993 , Chiaramonte et al. 1999a ). In the context of the type 1/type 2 cytokine paradigm, data from mice and humans have categorized schistosomiasis as a predominantly type 2 disease (Wynn & Cheever 1995 , Abbas et al. 1996 , Allen & Maizels 1997 , Fallon 2000 , Morais et al. 2002 . A type 2 response generally causes morbidity and is detrimental to the host. In fact, infection of humans with schistosomes and other helminths is characteristically associated with elevated IgE and eosinophilia, which are hallmarks of a type 2 cytokine response (Abbas et al. 1996) . This concept has resulted in a body of research that has attempted to prevent putative type 2 responses and ultimately reduce morbidity. However, recent data generated in the murine model suggests that the original distinct categorization of schistosome pathology being caused by type 2 cytokines is misleading. More convincing evidence from schistosome-infected humans suggests that a pro-inflammatory type 1 response is the real cause of morbidity (Fallon 2000 , Morais et al. 2002 . Previous studies have shown that the pattern of cytokine production changes at different stages of human schistosomiasis. Moreover, it was more specifically demonstrated that early infection is associated with a significant IFN-γ response and IL-10 plays an important downregulatory role in that response during late infection (Montenegro et al. 1999 ). The disease is more severe when the immunopathological mechanisms are dominant or effective control of the parasite is not attained (Chensue et al. 1997) . However, the mechanisms responsible for the transition to the most severe forms of the disease are not clear. The understanding of the immunopathol-ogy of schistosomiasis has progressed through the use of murine and non-human primate animal models. Nevertheless, studies in humans are relatively rare.
In the present work, the cytokines IL-4, IL-13 and IFN-γ along with some regulatory mechanisms were studied with the aim of understanding their possible role in different clinic forms of human schistosomiasis mansoni.
SUBJECTS, MATERIALS AND METHODS
Subject selection -Chronic schistosomiasis patients were clinically classified as: intestinal (IN) (n = 11), hepatointestinal (HI) (n = 10) and hepatosplenic (HS) (n = 10) and selected at the ambulatory of Hospital das Clíni-cas, Universidade Federal de Pernambuco, Brazil. All HS patients were compensated forms of HS disease that had not received hospital care.
Because of a recent outbreak of acute schistosomiasis at Porto de Galinhas, Northeast Brazil, acute patients (n = 12) were selected for this study. These patients had the clinical symptoms of acute disease (fever, arthralgias, diarrhea, hepatosplenomegaly) and upon examination were found to have Schistomosm mansoni eggs in their stool and eosinophilia according to laboratory tests (Barbosa et al. 2001) .
Clinical, 03 parasitological stool examinations, total IgE, eosinophils and leukocyte levels were determined for all study groups. All patients had blood samples collected prior to specific treatment with oxamniquine (15 mg/ kg) and blood samples from acute patients were collected 60 days after exposure. Patients were aged 6-27 years, 60.5% of patients were male and 39.5% of patients were female (Table) . Ten out of 31 chronic patients had other intestinal parasitic infections such as Ascaris lumbricoides and Trichuris trichiura and were treated prior to this study.
Ultrasonographic examination was performed on five HI and eight HS patients. In two HI patients had aliver with periportal fibrosis degree I and in three had a liver wity periportal fibrosis degree II. All eight HS patients showed periportal fibrosis degree II.
The control group (n = 10) was from non-endemic areas of Pernambuco, Brazil and had three negative parasitological stool examination and no history of contact with contaminated water. All patients and guardians of minors signed an informed consent form and the study was reviewed and approved by the Ethical Committee of the Centro de Pesquisas Aggeu Magalhães da Fundação Oswaldo Cruz, Recife, Pernambuco, Brazil.
Culture conditions -Peripheral blood was drawn with heparin (10 U/mL) and diluted immediately in RPMI 1640 medium (1:3) plus penicillin (100 U/mL) and streptomycin (100 µg/mL). The whole blood cultures were stimulated as previously described (Montenegro et al. 1999) . Parasite antigens, mitogens, antibodies and recombinant cytokines were added to the appropriate wells. Soluble egg antigen (SEA) and soluble adult worm preparation (SWAP) were used at a final concentration of 20 µg/mL and 50 µg/mL, respectively (Boros & Warren 1970 , Pearce et al. 1992 . Phorbol myristate acetate (50 ng/mL) plus ionomycin (1 µg/mL) were used as mitogens. The action of the cytokine IFN-γ was neutralized by antibodies against this cytokine and its receptor (αIFNγ/IFNγR, 7 µg/mL). To analyze the effects of the cytokine IL-13, we added recombinant IL-13 (rIL-13) to the cultures so that the final concentration was 20 ng/mL and neutralizing antibodies (αIL-13) were used at a final concentration of 5 µg/mL. After 96 h incubation at 37°C in a humidified atmosphere with 5% CO 2, the supernatants were collected and stored at -70°C for subsequent determination of cytokine production.
Cytokine level determination -The levels of IFN-γ and IL-4 were measured by enzyme linked immunosorbent assay (ELISA) using specific capture and detection monoclonal antibodies as previously described (Montenegro et al. 1999 ). IL-13 production was measured using Quantikine Human IL-13 Immunoassay (R & D systems), following the manufacturer's instructions.
Statistical methods -Characteristics (age, gender and stool examinations) of the study subjects were compared using the Mann-Whitney test. The data regarding cytokines levels were tested for normality using the Kolmogorov-Smirnov test. The results were compared using a logarithmic scale of cytokine concentration, which had a normal distribution, by paired or unpaired Student's t test (p < 0.05 was considered statistically significant). These statistical analyses were performed using the software Staview 5 for Windows (SAS Institute, Inc, 1999) .
RESULTS
We did not find any differences among the studied groups with regards to demographic features such age, gender and stool examinations (Table; p > 0.05).
Production of in response to SEA or SWAP stimulation -Following SEA or SWAP stimulation, there was higher IFN-γ production in chronic HS patients in comparison to acute patients, and this observation was statistically significant (Fig. 1A ; p = 0.041; Fig. 1B ; p = 0.012).
Unexpectedly, the control group had high IFN-γ levels in response to SEA or SWAP. This indicated that this group could be sensitized by a different mechanism of exposure to schistosomiasis antigen, since they had a negative stool examination, no clinical symptoms and had not been in contact with infected water.
The production of IL-13 in schistosomiasis patients stimulated by SEA and SWAP was evaluated and no statistical difference was found in comparison to normal individuals ( Fig. 1C, D ; p > 0.05).
Production of IL-4 in schistosomiasis patients after SEA or SWAP antigen stimulation did not differ significantly from normal individuals ( Fig. 1E, F ; p > 0.05). However, after SWAP stimulation, HI patients produced higher levels of IL-4 in comparison with acute patients (Fig. 1F ; p = 0.03).
Effects of neutralization of IFN-γ and IL-13 on the expression of IL-13, IL-4 and IFN-γ -
After IFN-γ/ IFN-γR neutralization plus stimulation with SWAP, chronic patients, particularly HI, expressed higher levels of IL-13 than control individuals ( Fig. 2B ; p = 0.004) and patients with the acute form of schistosomiasis ( Fig. 2B ; p = 0.045). The significant increase in IL-13 production in SWAP-stimulated patients after IFN-γ neutralization indicated the presence of Th1/Th2 cross-regulation. Following IL-13 neutralization and antigen stimulation with SEA (p = 0.022) or SWAP (p = 0.017), we observed decreased production of IFN-γ by acute patients in comparison with the control group. However, higher production of IFN-γ was observed in chronic HI (p = 0.017) and HS (p = 0.032) patients in comparison with acute patients after IL-13 neutralization plus SEA stimulation. Chronic patients had higher levels of IFN-γ in comparison with acute patients after IL-13 neutralization plus SWAP stimulation (p = 0.018). These observations suggest that there are regulatory elements that control cytokine levels at different clinical stages of the disease and with stimulation by different antigens (Fig. 3A, B) .
In addition, HI patients showed higher production of IL-4 under two conditions: when compared with IN patients after stimulation with SEA plus IFN-γ/IFN-γR neutralization ( Fig. 4A ; p = 0.013) and when compared with acute patients after stimulation with SWAP plus IFN-γ/IFN-γR neutralization ( Fig. 4B ; p = 0.04).
IN patients produced significant higher levels of IL-4 in comparison with acute patients in response to IL-13 neutralization plus SWAP stimulation ( Fig. 4D ; p = 0.015). Addition of rIL-13 to cultures of schistosomiasis patients stimulated with SEA resulted in higher expression of IFN-γ in acute patients in comparison to the same patients under SEA stimulation only (Figs 6A, 1A ; p = 0.027). However, after combined stimulation with SWAP and recombinant IL-13, chronic I and HI patients produced lower levels of IFN-γ when compared with the same patients stimulated with SWAP only (Figs 6B, 1B; p < 0.001).
Effects of exogenous IL-13 on IL-4 and IFN-γ production -
Total IgE and eosinophil levels -Total IgE plasma levels were measured in all 43 schistosomiasis patients. HS (p = 0.004) and HI (p = 0.005) patients produced higher levels of total IgE than acute patients. In addition, acute patients produced significantly higher IgE levels than the control group ( Fig. 7A ; p = 0.005).
No significant differences were found in the eosinophilia percentage among chronic and acute schistosomiasis patients (Fig. 7B) . (Fig.1F ) stimulation only.
DISCUSSION
Both type 1 and type 2 cytokine profiles are involved in granulomatous inflammatory responses. However type 1 (IFN-γ) cytokines and type 2 (IL-4 and IL-13) cytokines exhibit opposing roles in human schistosomiasis mansoni (Morais et al. 2002 , Abath et al. 2006 .
The role of IL-4, IL-13 and IFN-γ in granuloma and fibrosis has been studied in experimental murine models of schistosomiasis (Czaja et al. 1989 , Wynn et al. 1993 . IFN-γ was the major downregulator of fibrosis, whereas IL-4 was shown to play the role of pro-inflammatory cytokine (Chensue et al. 1997) , and IL-13 was implicated in fibrogenesis (Chiaramonte et al. 1999a , b, Finkelman et al. 1999 . However, it is not clear how much of the data generated with experimental murine models can actually be applied to human disease (Abath et al. 2006) .
In humans, the anti-fibrogenic cytokine IFN-γ inhibits the production of extracellular matrix proteins by stellate cells and increases collagenase activity in the liver. A genetic study suggested that IFN-γ is been associated with protection against severe portal fibrosis. The study mapped a locus on chromosome 6 which has been linked to a high risk of severe hepatic fibrosis, close to the IFN-γR gene (Dessein et al. 1999 , Booth et al. 2004 . Moreover, Fig. 7 : box plot quartiles and medians of the log total IgE (A) and eosinophil levels (B) from patients with acute and chronic (HI: hepatointestinal; HS: hepatosplenic: IN: intestinal) schistosomiasis. Significant differences was considered when p < 0.05. cases of severe portal fibrosis were shown to be associated with low levels of IFN-γ and high levels of TNF-α (Henri et al. 2002 , Booth et al. 2004 , Ribeiro de Jesus et al. 2004 ). Interestingly, IFN-γ produced following SEA or SWAP antigen stimulation gradually increased and correlated with the severity of the chronic clinical form.
Our results showed low levels of IFN-γ production in infected patients with the IN clinical form of schistosomiasis (Zwingenberger et al. 1991 , Viana et al. 1994 , Silveira et al. 2004 . When compared to acute patients, we found higher IFN-γ levels detected in whole blood cultures stimulated with SEA or SWAP antigens from HS patients, which was also associated with degree II of hepatic fibrosis. This suggests that IFN-γ levels increase in order to control the progression of hepatic fibrosis in chronic patients. In a recent study, we demonstrated increased IFN-γ production in response to SEA and SWAP stimulation after oxamniquine treatment in acute schistosomiasis patients (Souza et al. 2007 ). In the present study, we analyzed IFN-γ production in acute patients before specific treatment.
However, Ribeiro de Jesus et al. (2002) showed higher IFN-γ levels in acute patients with the same conditions of infection time of our work and without treatment. Some possible explanations for these contradictory results may include the infection time and treatment, the presence of others factors such as nutritional status, age, gender, genetic variability and parasitaemia that could influence the immune response of these patients.
Following SWAP stimulation, IL-4 levels were higher in chronic patients, mainly HIs, in comparison to acute patients (p < 0.05), indicating that immune responses to schistosome in chronically infected individuals are typically polarized toward Th2 cytokines. This is characterized by eosinophilia and high levels of IgE (Booth et al. 2004 , Abath et al. 2006 .
At the same time, experimental studies demonstrated that IL-13 has pro-fibrotic activity and could regulate hepatic fibrosis during murine schistosome infection (Chiaramonte et al. 1999b . IL-13 induces the production of mRNA for collagen I and III by fibroblasts in the liver. Recently, an IL-13 receptor α-2 has been described and may function as a decoy receptor, regulating and blocking IL-13 activity with high affinity and subsequently hepatic fibrosis (Chiaramonte et al. 2003) .
Studies in humans showed a correlation between the production of high levels of IL-13 and the development of more severe hepatic fibrosis (Ribeiro de Jesus et al.
2004
). Our study did not detect an association between high levels of IL-13 and HS patients.
Our study showed no significant statistical differences between IL-13 levels in patients with different clinical forms of schistosomiasis following SEA or SWAP stimulation. However, other authors suggested that IL-13 levels tend to be higher during the pre-fibrosis phase and can function as an intermittent inducer of fibrosis (Morais et al. 2002 , Ribeiro de Jesus et al. 2004 .
Interestingly, HI patients had high levels of IL-4 and IL-13 after IFN-γ/IFNγR neutralization and SWAP stimulation. These Th2 cytokines (IL-4 and IL-13) are increased during the pre-fibrosis phase, prior to the HS stage. Another important point is that the higher IL-13 levels in HI patients were only observed in IFN-γ/IFNγR neutralization plus SWAP stimulated cultures in comparison to acute patients ( Fig. 2B ; p = 0.045) and normal control ( Fig. 2B ; p = 0.004). In addition, IL-4 levels were increased in HI patients and in SEA-stimulated cultures, suggesting that type 2 responses were observed predominantly after the acute phase and prior to the HS phase of the disease.
Despite the presence of a predominantly type 2 response in infected humans, there is currently no evidence to suggest that immunopathology in humans is driven by type 2 cytokines (Morais et al. 2002) . In fact, the available evidence suggests that HS disease in humans is associated with a type 1 cytokine response (Fallon 2000) . Mwatha et al. (1998) associated high levels of TNF-α and IFN-γ and low levels of IL-5 with the presence of hepatosplenomegaly. Similarly, Montenegro et al. (1999) demonstrated that there was marked production of IFN-γ, but not of IL-4 and IL-5 by parasite antigen-stimulated splenocytes from S. mansoni patients with HS disease. This study showed the contribution of IL-10 in the suppression of a significant IFN-γ response in the early and chronic phases of the disease. Falcão et al. (1998) showed that HS schistosomiasis patients produced high levels of IFN-γ and low levels of IL-10, associating this cytokine with the control of the development of the severe clinical form. Our study confirmed previously published data that showed that HS schistosomiasis patients are associated with production of high levels of IFN-γ have been found in HS schistosomiasis patients.
We found that IL-13 may be inhibiting the production of IFN-γ by T cells of chronic (IN, HI and HS) patients in response to SWAP stimulation. However, in acute patients stimulated with SEA plus exogenous IL-13, there appears to be no inhibitory effect on IFN-γ production as evidenced by the increase in IFN-γ levels in these patients. Our study strongly suggests that a regulatory mechanism exists between IFN-γ and IL-13. This regulation is antigen-specific and different for the various clinical forms of the disease and the mechanisms that control this regulation are still not clear.
The regulation of immunopathology schistosomiasis may be more complex in humans than in experimental models, with multiple mediators capable of regulating the progression of disease (Wilson et al. 2007 ).
The present study evaluated the cytokine profile in schistosomiasis patients and showed an association between type 1 cytokine IFN-γ and the HS clinical form of disease. IFN-γ may not be the cause HS disease; rather it may control the progression of severity during this phase of schistosomiasis.
In conclusion, the production and regulation of Th1 and Th2 cytokines appears to change during different clinical stages of human schistosomiasis. This indicates that there is a very complex orchestration of the immune response during the transition to more severe forms of the disease. Future studies must continue to improve approaches to study the human immune response to disease. When this goal is achieved, effective methods of manipulating the immune system, such as vaccination and treatment can be developed.
